Abstract. The aim of the present meta-analysis study was to evaluate the efficacy of low-dose aspirin, commenced at ≤16 weeks of gestation, in preventing preterm and term preeclampsia, as well as associated maternal and neonatal adverse events in women at risk of preeclampsia. The Embase, PubMed, Cochrane Central Register of Controlled Trials and the Web of Science databases were searched for relevant random controlled trials (RCTs) published between January 1979 and October 2017. After quality assessment and data extraction, a meta-analysis was performed using RevMan 5.3 software. Outcomes of interest were preeclampsia with subgroups of preterm preeclampsia (delivery at <37 weeks) and term preeclampsia, as well as maternal adverse outcomes, including gestational hypertension, postpartum hemorrhage and preterm birth, and neonatal adverse outcomes, including intrauterine growth retardation (IUGR) or small for gestation age infant (SGA), stillbirth or death, and newborn weight. A total of 10 RCTs involving 3,168 participants were included. The meta-analysis demonstrated that, compared with placebo or no treatment, low-dose aspirin was associated with a significant reduction in the overall risk ratio (RR) of preeclampsia regardless of the time to delivery [RR=0.67; 95% confidence interval (CI)=0.57-0.80]. This was apparent for preterm preeclampsia (RR= 0.35; 95% CI= 0.13-0.94) but not for term preeclampsia (RR=1.01; 95% CI=0.60-1.70). Except for postpartum hemorrhage, low-dose aspirin also significantly reduced the risk of maternal and neonatal adverse outcomes. In conclusion, low-dose aspirin in women at risk of preeclampsia, commenced at ≤16 weeks of gestation, was associated with a reduced risk of preterm preeclampsia, and of adverse maternal and neonatal outcomes.
Introduction
Preeclampsia is characterized by development of hypertension and proteinuria after 20 weeks of gestation, and is considered to be a multisystem disorder associated with pregnancy. Worldwide, >70,000 maternal deaths per annum are associated with hypertensive disorders arising during pregnancy, mainly preeclampsia (1) . Preeclampsia is also associated with increased long-term cardiovascular mortality for mother and infant (2) .
In 1979, Crandon and Isherwood (3) first reported that patients who had taken aspirin during pregnancy were less likely to suffer from preeclampsia than those who had not. Over subsequent decades, >50 trials and 27 meta-analyses have investigated the use of low-dose aspirin for the prevention of preeclampsia. However, based on the results provided by high-quality, multicenter randomized controlled trials (RCTs) involving a large number of women and of systematic reviews, the efficacy of aspirin in reducing preeclampsia and associated outcomes remains controversial (4) (5) (6) (7) . Of note, the effectiveness of low-dose aspirin in preventing preeclampsia may be associated with the time-point of treatment initiation. The World Health Organization recommend that administration of low-dose aspirin (75 mg/day) for the prevention of preeclampsia in high-risk females should start during early pregnancy (8) .
Recently, a multicenter, double-blinded, placebo-controlled trial including 1,776 women with singleton pregnancies who received low-dose aspirin or placebo from early gestation until 36 weeks of gestation indicated that aspirin decreases the incidence of preterm preeclampsia. However, no significant differences were identified between groups regarding the incidence of neonatal adverse outcomes or other adverse events (7). Therefore, it is possible that early use of aspirin may be more effective in preventing preterm than term preeclampsia, or in preventing other adverse outcomes. It is important to better understand the effects of aspirin associated with this indication, as it is currently the best option for improving outcomes for females at risk of preeclampsia and associated adverse sequelae. The aim of the present study was to evaluate the efficacy of low-dose aspirin administration to females at risk of preeclampsia commenced at ≤16 weeks Low-dose aspirin at ≤16 weeks of gestation for preventing preeclampsia and its maternal and neonatal adverse outcomes: A systematic review and meta-analysis of gestation in preventing preeclampsia, including preterm and term preeclampsia, as well as the impact on associated maternal and neonatal adverse events.
Materials and methods
Search strategy. In the present study, a systematic review and meta-analysis of RCTs that evaluated the effect of aspirin intake during pregnancy was performed. Relevant citations from January 1979 until October 2017 were extracted from the Embase, PubMed, Cochrane Central Register of Controlled Trials and Web of Science databases. A combination of keywords and MeSH terms was used for the search: 'aspirin', 'antiplatelet', 'acetylsalicylic acid', 'ASA', 'pregnancy-complication', 'pregnancy', 'eclampsia', 'hypertens*', 'blood press*', '*eclamp*', 'PIH' and 'toxemia'. No language restriction was imposed. A first reviewer sorted all articles by citations and abstract for more detailed evaluation. Two independent reviewers then selected relevant abstracts and citations for complete evaluation of the studies. The quality of this review was validated according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (9) .
Selection criteria. Only prospective, randomized controlled trials were included. The included population was pregnant females at risk of preeclampsia who were randomized into a low-dose aspirin and a placebo or no treatment group, at ≤16 weeks of gestation. Low-dose aspirin was defined as 50-150 mg daily. The following exclusion criteria were applied: Trials with i) no control group; ii) incomplete data or no data; and iii) repeated studies on the same subjects. Each potentially eligible study was assessed independently by at least two researchers and the risk of bias of the studies was evaluated using the Cochrane Handbook for Systematic Reviews of Interventions (10) . Discrepancies were resolved by discussion or by consultation with a third reviewer.
Outcomes. The primary outcome was preeclampsia (hypertension with new-onset proteinuria at ≥20 weeks of gestation regardless of delivery time) and its subcategories: Preterm preeclampsia (delivered at <37 weeks) and term preeclampsia. Secondary outcomes were other maternal adverse events, including gestational hypertension, preterm birth (delivered at <34 weeks) and postpartum hemorrhage, as well as neonatal adverse events, including intrauterine growth retardation (IUGR), infant small for gestational age (SGA), stillbirth or infant death, and newborn weight.
Statistical analysis. The data were analyzed using RevMan 5.3 software (The Cochrane Collaboration, London, UK). The significance threshold for the chi-square test was set at α= 0.1, and it was deemed that heterogeneity existed when P<0.1. Heterogeneity between studies was determined by calculating the Higgins I 2 value and considered high if it was ≥50%. The individual risk ratio (RR) and 95% confidence intervals (CI) were estimated using a fixed-effects model if no heterogeneity existed; otherwise, the random-effects model was used. Publication bias was tested by visual inspection of funnel plots generated using a Begg's test.
Results
Study selection and evaluation. Fig. 1 displays the flowchart of the study selection process. The initial 7,021 identified citations were reduced to 6,932 following review for duplicated publications and of the title and abstract against the inclusion criteria. The full text of the remaining 89 studies was evaluated, resulting in the exclusion of a further 79 studies. The remaining 10 RCTs comprising 3,168 participants were included, including 1,581 patients treated with low-dose aspirin and 1,587 who received placebo or no treatment. The details of the regimens are listed in Table I . No publication bias was identified by the funnel plot method on the basis of data on the total rate of efficacy (Fig. 2) . In addition the quality of RCTs was assessed by The Cochrane Collaboration's tool for assessing risk of bias (Fig. 3) . The majority of studies used the correct allocation concealment strategies, reported incomplete outcome data and were double-blind. A moderate number of studies were randomized incorrectly in sequence generation and were not blinded to the outcome assessment.
Low-dose aspirin commenced at ≤16 weeks of gestation reduces in the risk of preeclampsia. All 10 RCTs evaluated the effect of low-dose aspirin for the prevention of preeclampsia irrespective of the time to delivery (Fig. 4) . As no heterogeneity was identified (P= 0.51, I 2 = 0%), the fixed-effects model was used for the meta-analysis. The results indicated that, compared with placebo or no treatment, low-dose aspirin was associated with a 33% reduction in the relative risk of preeclampsia regardless of the time to delivery (RR= 0.68, 95% CI= 0.57-0.80; P<0.0001). Next, the efficacy in the two subgroups of preterm and term preeclampsia was evaluated (Fig. 5) . Analysis of the data from 6 RCTs indicated that low-dose aspirin, administered at ≤16 weeks of gestation, was associated with a 65% reduction in the risk of preterm preeclampsia. By contrast, no reduction in the relative risk of term preeclampsia by administration of low-dose aspirin was obtained (RR=1.01; 95% CI=0.60-1.70).
Low-dose aspirin commenced at ≤16 weeks of gestation reduces in the risk of gestational hypertension and preterm birth. As no heterogeneity was identified (P= 0.59, I 2 = 0%), the fixed-effects model was used for the meta-analysis. The results for the other maternal adverse outcomes are presented in Fig. 6 . A total of 9 RCTs comprising 2,508 cases reported on gestational hypertension, with results indicating a 20% reduction in the RR of gestational hypertension with aspirin (RR= 0.80, 95% CI= 0.65-0.99; P= 0.0400). Similarly, meta-analysis of the results from 6 RCTs comprising 2,391 cases indicated a 23% reduction in the RR for preterm birth (RR= 0.67, 95% CI= 0.50-0.90; P= 0.0070). The results obtained from 4 RCTs comprising 736 maternal patients suggested a 30% reduction in the likelihood of postpartum hemorrhage (RR= 0.70, 95% CI= 0.42-1.18; P= 0.18), however this was not significant.
Low-dose aspirin commenced at ≤16 weeks of gestation reduces in the risk of neonatal adverse outcomes. As no heterogeneity was identified (IUGR or SGA, I
2 =0%; still birth or mortality, I 2 = 0%; newborn weight, I 2 =0%, respectively), the fixed-effects model was used for the meta-analysis. Neonatal adverse outcomes are presented in Fig. 7 . Meta-analysis of the results from 7 RCTs comprising 2,820 maternal patients suggested that aspirin reduced the risk of IUGR or SGA (RR= 0.71; 95% CI= 0.58-0.89; P= 0.0040). Furthermore, analysis of the data of 4 RCTs involving 2,174 maternal patients suggested fewer still births or deaths associated with aspirin intake (RR= 0.34, 95% CI= 0.19-0.59; P= 0.0001). In addition, data on 864 infants suggested that aspirin intake during pregnancy was associated with an increased newborn weight by 110.44 g (95% CI=80.31-140.58 g; P<0.0001) in the setting of maternal risk of preeclampsia. Overall, low-dose aspirin administration at ≤16 weeks of gestation to women at risk of preeclampsia was associated with a reduction in maternal and neonatal adverse outcomes, compared with placebo or no treatment. Aspirin administration was also associated with an improvement of fetal growth.
Discussion
The present systematic review and meta-analysis was restricted to RCTs that assessed outcomes of low-dose aspirin administration commenced at ≤16 weeks of gestation in females at risk of preeclampsia. The outcomes were preeclampsia (including two subgroups of preterm and term preeclampsia), as well as maternal adverse outcomes, including gestational hypertension, postpartum hemorrhage and preterm birth, and neonatal adverse outcomes, including IUGR or SGA, stillbirth or death, and newborn weight. The inclusion criteria were met by 10 RCTs comprising a total of 3,168 female patients. The meta-analysis revealed a major beneficial effect of low-dose aspirin, commenced at ≤16 weeks of gestation, on the risk of preeclampsia regardless of the time to delivery (RR= 0.68; 95% CI= 0.57-0.80). This appeared mainly due to a reduction in preterm preeclampsia (RR= 0.35; 95% CI= 0.13-0.94), as low-dose aspirin was not associated with any significant reduction in the risk of term preeclampsia. Furthermore, maternal adverse outcomes, including gestational hypertension and preterm birth, and neonatal adverse outcomes, including IUGR or SGA, stillbirth or infant death, and newborn weight, were improved by maternal aspirin intake. In recent decades, the ability of antiplatelet agents to prevent or delay preeclampsia and its complications has been widely tested in numerous studies. While various studies have reported significant benefits (11-13), others have not (14) (15) (16) . In the present study, the efficacy of low-dose aspirin therapy in maternal patients at risk of preeclampsia commenced at ≤16 weeks of gestation was assessed regarding the prevention of preeclampsia and the results of the meta-analysis were similar to those observed in a previous meta-analysis of individual patient data, which indicated a moderate but consistent reduction in the RR for maternal and neonatal adverse events (4) . A recent multicenter, double-blind, placebo-controlled trial of 1,776 women with singleton pregnancies at high risk for preterm preeclampsia demonstrated that low dose aspirin significantly reduced the incidence of this diagnosis compared with the placebo (7) . In the present study randomized controlled trials were selected that met the indicated inclusion criteria, including this recent study. The results of the present study supported those of previous studies, demonstrating that the use of aspirin commenced at ≤16 weeks of gestation may be particularly effective in preventing preeclampsia.
Although the exact underlying cause of preeclampsia remains to be fully elucidated, it is widely accepted that abnormalities including angiogenesis, oxidative stress and inflammation are involved. To date, numerous attempts at primary and secondary prevention of preeclampsia using various supplements and medications, including anti-hypertensives (17) , calcium (18) , or the antioxidants vitamins C and E (19), have failed. Pilot studies suggest a promising beneficial effect of pravastatin (20) . However, its benefits (and safety in pregnancy) require investigation in a large and well-designed RCT with a sample size that is sufficiently large to achieve high statistical power, prior to its implementation in routine clinical practice.
Normal implantation and placentation are critical for a successful pregnancy. It is thought that the first wave of trophoblast invasion is already complete by around 10 weeks of gestation and continues until the 20th week (21) . It is also known that aspirin exerts beneficial effects on endothelial function, as well as early formation and development of the placenta (22,23). Bujold et al (24) reported that administration of low-dose aspirin commenced at ≤16 weeks of gestation significantly decreases the risk of preeclampsia and other adverse maternal and neonatal outcomes, whereas the effect is not present with later commencement of aspirin. However, a recent meta-analysis reported a consistent effect of low-dose aspirin on preeclampsia and its complications regardless of whether it was started prior to or after 16 weeks of gestation (25) . These conflicting results may be due to different inclusion criteria, and of note, the latter review included participants who received one or more antiplatelet agents (e.g., dipyridamole or low-molecular-weight heparin). Furthermore, in the latter meta-analysis of individual participant data, studies were selected where antiplatelet agent initiation was not restricted to the first 16 weeks of pregnancy, thereby including more studies. The present result that low-dose aspirin reduced the risk of maternal and neonatal adverse outcomes is compatible with an earlier meta-analysis, which indicated that antiplatelet agents achieved reductions in preterm birth, SGA and other adverse maternal and fetal outcomes (4). The major limitation of the present meta-analysis was the small number of studies included. In particular, the presence of heterogeneity for maternal and newborn adverse outcome suggests variance between the included studies. The presence of heterogeneity (I 2 =68%) for gestational hypertension and heterogeneity (I 2 = 83.7%) for subgroup analyses in IUGR or SGA and still birth or death, suggested the presence of a variance between the included studies. Females in the present small trial appeared to have a larger than average reduction in the risk ratio for adverse events. The recognition of bias from small trials is well known and these outcomes should be interpreted with caution (26) .
In conclusion, the present meta-analysis indicated that initiation of low-dose aspirin commenced at ≤16 weeks of gestation resulted in a 33% decrease in the occurrence of preeclampsia, mostly due to a 63% reduction of preterm preeclampsia, although this change was not significant. However, low-dose aspirin had no effect on the risk of term preeclampsia. The present study also indicated that aspirin produced significant reductions in maternal and neonatal adverse events. The most likely explanation for these results is that early administration of low-dose aspirin improves early formation and development of the placenta. This should be discussed with women at risk of developing preeclampsia to help them make informed choices regarding their antenatal care. However, the potential benefit of low-dose aspirin regarding the prevention of preeclampsia, as well as associated maternal and neonatal adverse outcomes, remains controversial. Additional clinical trials of higher quality and with a larger sample size are necessary to further verify the effectiveness of aspirin for this indication.
